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1 1 m^<D^mwmm±\^N t a s ^mm^ 

o C V D) l;^ J: 19 ^B^H^g $ -li:^ ^: ^ ^ -r ^ ^« 

fii^^^ft-^ife^fflv\ AscoJ[^^£^^;lAsH3^fflv^. 

S/S*p4^^^A s Hs^^jE^ 1 0 P a \^±t ^tfeS*^?:* 

(MO C V D) {;i J: 19 ^^B^K;^ ^ -1^:^ r ^ ^ -r S ^ 

IfS*Jg 3 1 1 ^ j^cfilS*^ 2 (;i|B«(^>^^f*: 

DMHy ((CH3)2NNH2 : i^T^^/l-t K^v^ 
l^)^ :^fcf^. TB A((CH3)>CNH2 : ^— i^-^ y 

aAsS«-efcl9. ^Ga As^«_hi;^?i^fi!c^H^III 
- V®^?m^^^tfgfi I n G a N A s @T*fc^ r ^ ^if^ 

[0 00 1] 
[0 0 0 2] 

0*Jx.«. #11^0 6-3 3 4 1 6 S-^Clt^. S i 



^5^$ttTV^^o Ill-v^^ir0^ 

[0 0 0 3] i^ti^ ^m^O 6-0 3 7 3 5 S-^df*. 
10 S;K:S5GaAs, InP, G a P XfeSi^'&f-. ^tvib 
irfe^S'&^t^jfe I nGa NA s, AlGaNAs, G 
a NA s^^ON;K^l^^l[^^:;i5^^tbrv^S, ■t*^cCt> 

6^315. Ga AsS^tC^&^S-g-rSIII-V^^^ 
<*:(^4»T% G a A s <fc (9 /<l^ K^-T ^^rT^^^/i-^^ 
^V>$t?|S|'ti#^5EL?'ct/5^ofc;d5. nGaNAsJi 
Ga A sSS(;i*&^^S'^nrtgX$><9. L;5*t>. GaAs 
19 ^-^V V^OT% S63(?G a 

A sSffi±{c:fi?|^^tScX#jfe;e(^o/cG a A s^^^^i^gi; 
[0 0 0 4] r<DJ: 5*N^V;Kl^f0^#f^X(i. As 

A s J: 5 >:j:N^ v^^l:f0^^^^coj[l^s^t L 

Ji. Nl^^[s^^bTNH5^^^^)^^fl|v^6;^)^t>^9(e:^^ 

-^{c<^:l9^^4/<c^^5c^^^^brfflv^T. ^m-^x^ 

30 ^MBEfe^O. ITo r r g^Oi^JBEMO C V D ^fetC 

JiSK^:W^^^^{e;^ifeT*$>^DMH y ((CH,)2NNH2 
(v^y ^/l-t K^i^>')^MV^T. 6 0Torr(^)— 
/c*:MJQEMOC VDSfe(;iJ: 19 G a NA s m^^^B^ntLn^ 

rN.ohkouchiJ ^(c:J:5iCSfe r «M0VPE Growth of 
GaAsi-,N, Alloys" , 12th Symposium on Alloy Semico 
nductor Physics and Electronics p337^340j ) t> 

[0 0 0 5] 

N^vmm^^^mW'^m\^<^\ :i(Dfz.}^^^mx\^. m 
i5m\^^^ 'S^^^f^^m^<om^m^\.x\^^h. sttfkb 

mz.^ ^^vmm^B^nmm'k.\^G a n a s (om^. 

^(OYmicmXh^A s ^?^^>BE^lgi^)T{gV^^^4=T^ A 
50 7LJ8S;i5_h#urL*V\ ii5ra@^CN9KV0iJlf0if^^fls: 
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^n^^t7^)^X-^f£:^^<^f:io mK.\t. rM.SatoJ 
X^XM. f "Plasma-assisted MOCVD grouth of GaAs a 
Hows" , 13th Symposium onAlloy Semiconductor Physi 
cs and Electronics P101~102J Tfi. 1 %CON|aj5S;^ 
n^fc^l^. RiS^f^ : 2 5 P a , NzJK* : 5 0 sec 
m, AsHMM: 1 O sccm(7)^{4=(c: bTV^§o 

^^^^3 0 0 P a rtb^^SbT2 5 P a t b 

Tj5fegbTl^^o b;e)-L/^;d5^>. AsH 
,:«^jEti*5j:-^o. 9 P a ^v^5^g;v^^)^i^^/.^oTL^ 
5o ^e>{-. roftfetc:, iii;KJ[^i|si-T*fe^TEG(h y m 

ti^. !^^*(D:ferfefeT*fiAs (vJ^)(Z)?ga^gft;a5_h#b. 
Nitg^ii5<t-^<l:;^^/i-y rv^dl^y 

[0 0 0 6] ^yh. N<Dmm\^^m^^m{t^mx^^ 

DMHy ((CH3)2NNH2(>^;^^/H: v^>')^fflV^ 
:^c6 0 T o r r (D— C VD&tC J: 

T*t>. N(^m^(**5j:^0. 5%«T^^£v^ffib;^l^#b 

^^TV^/^V^ ir/^ioib^ r<^);fyfe^^l*5V^Tt>. DMHy 
^ft^#S^< U AsH3ffia:CO/^^V^^^4=■rGaNAs 

m^m^i^x^^^ AsH.5>Jf£;05fiv^^^4^T*^s^^^T 
[0 0 0 7] *^pjt^. vm<o^iim&^M<~r^:it 

[0 0 0 8] 

t \^xmm^^mit^m^m\^\ a s <7)j[sw:ia s h, 

^ffiV\ S/S:^^OA sH,^EE^£:2 P al^±<t b. ^ 
S4>cdS«MS^5 5 0t:|^±i: bT. *fi^:feJS^^ffiK 
gft(MOCVD)i^J: »9^f0fig;S$-^^^(DT% N<^J!^3N- 
t^MT^^J^i^^b. b;e»^t>A s^(j';05R]^e>tt-5o - 

j^feSffi J; S o V0^7c^ 4^ t& Jt» -5 N cDfiJ-g^ 
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[0 0 0 9] ^:rc. t»*5S2|S«cO^PjT*(^. IRft^jp^ 
(DA s H»5>jaE<^ 1 0 P a ^±.t^^(OX^ M(-A s ^ 

0 ox:'^±x^^o:>x^ mm^^^^^<DmA 

10 '9«^Jx.f^l. 3 Axmi: i9S?^:ScD^5fe^^/^<^f--C^iSffl 

[0 0 10] ^fc. fi*JS3iatt<7^^M-rtiv Jiia^a 

^mm<\::^^X^^N(Dmn\:i. DMHy((CH,)2N 
NH2(v^7«^/^t K^v^:^). TBA((CH,), 

CNH2(^— i^-r y :/^/i-r ^ :/)^fflv^Tv^^(^-e. 
[0 0 11] ±fc^ m^^4mm(Dmmxi^. ^mi^m 

«(*Ga AsS^T*^"?. ^Ga AsS;K-ht-jfi^J5£$tb 
^lU-vmMi^B^^^f^m}^l nG a NA sg-^fe-5o 
:itl.l;i.J:'9. Ga A sS«-b{^Ga A s K=¥-y 

i-vmm^B=^^^ ^^^^ ^ t 

30 ;65-e^, ^Kg9 8 o nmnm<omi$^i^—^mi^m^mi^ 

[0 0 12] ^fc. fS5ftJS5(c:|E«c(^^I^T*fi. 0f^<^) 

<?5^ig*fe(^:^BVNT. ^ttM^r;?^-^ y rss^S'J»•r 
^fc66cD:^^^^^ bT. n^tClJ^S e^fflV^, p^{C(i 
Zn, Mg^C0II^^^^fflV^>5o r(^<fc5{^. nMJc: 

i:Ki^-f hRlJvm^4 hlZLA^^mi^Xl^^om^:^^ 
$>-5;i5^ Se, Z n (i^tb^tvVIiK, im^n^Tfc «9 . 

[0 0 13] ^fc. mjkm6mm<ommx\^. ^>/^< a: 
m<Diu-vmw:^^^mi^^m\^^x\f^^<7:>x\ m^pS<D 

50 [0014] 
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m-^i^^xmrn-r^, m i \^^mmi:im^^^mi^^mm't 
[0 0 15] mi^^mir^t^ ^(Dmmt,. ^h^^r 

[O 0 1 6] rODir^^'^MOCVD 

[0 0 17] -rt^io^^ :^^mo:>'mi<D%mmmx\^^ 
ntvx^m^mmit^m^m\^\ a s oiiLJisFtciA s h 

S ^ (M O C V D ) ( d J: ^) ^ ^ jBtfe S ^ ^i: S o 

[0 0 1 8] :^mm<om2<Dmmmmxi^. 
i.xmm^^mit^^^m\^\ a s <DmM\^A s h,^ 

m\^\ Kf&P^<DA s H.^B^ 1 0 P a }^±t ^ 
S4»(7)Smff^6 0 0^i^Jl±iLT. #<l^Jgmffl^ 

Si* (M o c V D ) {;i i; «9 ^ ^ ^ o 

[0 0 1 91 ±fa||l, ^2CO||M?I^^t:i*5V^T. MO 

?a^;ei5{g;vv iSMT*t*N hm<ovm7cm (a s ^) t^^s 

;6>^)BfJ|^L^'rv^yci>6. I nGa NA sgcoi: 5^^^^ 

fci?>. :^^mx\^. DMHy ((CHO2NNH2 : 

/ue K^v^V), TB A((CH,),CNH2 : ^ 
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[0 0 2 0] ^yh. ;$:5IWT*t*. 
GaAsSS^L. GaAsS:K±(-^ III-V]KilH^ 
^^ft:^^bT. I nGaNAs^^igp"pK(^?!^j5Sc-t"'5 
:i<b;55'T?#So G a A s I n^^Jbp-r-S^ 

(^/h^ < ?i^^:^;55fc6o 19 . I n.G a wA s \C 

N^^D-r^(b. ^^VK^-^ivrT^^ii^/l-^— fil n.G 
10 a ,-.A s J: (9 /h^ < 19 . Mt-$&-7-3e»;d5G a A s ^ 
— gC-r^^#;$5#?ii-'5o r<7>J:5(-. InGaNAs 

mn,. o 2. A^mm^^^m.^'^mx^^(Dx^ GaA 

sCO/-^:/ K=¥-\':y>^^;t^/U:¥— {c^JtS-f-Sj^S 7 0 nm 
(^M)(7)^31fc^gJ:'9SaSgo^^m^^. GaAsJ: 

»9 \>^^'&Wfi^'K^\i^ I nG a A s ^^^m^-^^^tzM 
1. S^m^, 1. 5 /zmffi^/^<t*(^. f^^^dlt-^ 

[0 0 2 1] ^/c. *5g?^-ef^. M^o^«^S«-b{:i 
[0 0 2 2] ^fc. ±.^<n^bf^wm.-)jm\^^'om^^ 

[0 0 2 3] 

30 [0 0 2 4] HJfe^il 1 

HJfe^Jl-^fi. [giOMOCVD^SB^fflv^T. mfi^U 

fz.^0ti: \ n G a N A s ^G a A s ^«±.J:i^;^$-li: 
f^. ir/j:t:>'h^ ummnt i.XTMG {h V ]) 
l>A)^fctiTEG(h y ^f^/U';^^y TMI(hy 

?^^/u^>i^^M.)^fz\^TE I (hy^^/i-^rvi^^^ 

i^)^fflV^, A stT^I^JlSI-i: LTA s HsCT/I^W) 

DMHy V) *fc(iMMH y (-^e / 

1 2<D^{m^[^i.tco f^:^. :i(Dm. m^mmi eiz.^ 

i^SlS^rt^l. 3 X 1 o'P a tc:g^^L:^Co "^tc, 
^JDB-r^ r ^ {;i<J: »9 i 5 xh^Ga A s mm. 

vrcmn:^^<Dm'^<07t,m^. g a a s ^sjb{:^s«^ 

ti, TMG : 4. 0 X 1 O'^mol/min~4. 0 X 1 0"m 
50 ol/min, TM I :4. 4 X 1 0 "mol/min'-- 4 . 4X1 
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O"*mol/min, A s Hs : 6 . 0 X 1 0 "mol/niinCO . 4 
sccm)~2. 2 X 1 O''fflol/min(4 6. 4 seem), DMH 
y : 5. O X 1 O-^ol/min—S. 0 X 1 Q-'mol/min^ 

r:^:^t^^t>'itX. ^tfe ( 1 /'Inin)#t^LTV^^o 
^tc^ AsH^^Et^O. 9-'102Pa^L. SfeSM 
^ ^ 4 5 0-^7 0 GX^t L /to 

[0 0 2 5] TMG : 2 . 0X1 0-*mol/min, 

TM 1:2. 2X1 O"*mol/min, A s Hs : 3 . 3X1 
0"*mol/min(7 seem), DMHy : 6. 4X1 O^ol/m 
inOB#. A s Hs^J-jaEf* 1 5 . 4Pa-^feofCo :i<D^ 
AsH,55^j£(^«6*J:'9^ii5V^;a5. JEtciDMHygt 
*&ft^AsH,#^^ft<J:»9 1>»^Hff#< bTV^6o J^S 
Mftti 6 3 0%:^ bfCo fifeSj^afi 1 . 7 fi m/hT*fco 

:rco IEI2{;it^. :icoJ:9?'^^{4^rM'^Mbfcii nGaNA 

6 . 5X10 ^atoms/cm' t^^h tt/Co ^ tVtiNffijSjc 
V^yhXj||IHlt^^^{-<J: Jfti^f:: I n G a N A s 

I ncoeG ao.94No.03A Sa97^;$5?l5^^i^TV^ 

^;d5^;e»^o:^Co r co I n G a N A s gti, GaAs 

(4 8 8 nm)^®e*i!i. G e - h K^^ 

f^^tzf^^. 1 . 2 m mr*feofco 

[0 0 2 6] ^3{c:fi. A s H35>J0E^5 4 . 8P 

a^ji<D^ia-e^f4=«r^xr(Nffij5fe^^x.r). inG 

a NA sg(I nm^S; : 6%)^f^JB£Ufc^^C0, InG 
a NA sgC^)^MPL#^4;^5^$i^rV^^o MSl^^h. 

G a A s S«t-*&^S^i-^Nffi^ 
2. 1 roCOflgJpT-f^. ^'iL>lSSti*Sj 1 . 15Mm-efco 

[0 0 2 7] *fc. ;*:^(7>^W#(cj;^^S^-e(±. 
[0 0 2 8] eoox:)ii±t\^^^^m6^MM^A 

:y^)\cfj:h^j:\^^Nm^(y)(Oi^'^fj: I nG a N,A s 

fad no.i3G aaerN^A s w)<^Nm^(^^{+<S#14 
^^-To «?*JxfJ6 0 0'C^S;S-CAsH35>JE;$52Pa<^ 

Nfflfi!ct*S:^r* 1 %®ST*fco?t;i5. 1 0 P a -Ct* 
4. 6 %<:0 I nG a NA sii^qte^ixfCo :^/c, 2 Pa 
^T<!rV^3^SV^A s Hs^J'jEE-ei^^iJx.t^ 4 5 0 — 550 
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x\^. PL^Sf*#^t;:i§l;5^ofCo ^SM^Ji. 5 50 

5 5 0^^±T*$>^^<t;55a^ LV\ M{-P 
L5tSf*6 0 0^4^_hT*tif5f^— J^^ofdo 

#bttyh^(7>PL#ti(c<J:^^, A s H353^jffi;^5^Sv^:^^ 

10 f}^^'L^m^m<M^^V.\^f^^^M^^^tio I n 0.06 
G a o.«No.<«A s o.i«^CO^SMS. A s H3^JBE{C1 
^■r^PL^a(7>H^^|g5(r^i-o {SMj^St^Nm^ 

[0 0 2 9] z.fih<D^o\^. ^m<omnm^^^^^ 

^^\z.X.^t. AsH35>j[£:d52Pa J:i9 t>^g:V^i:. ^ 
^^f/^PLiRFtt^^-rNm^2%:U^Jb(7) I nGa N,A s 
x~ymm%hf\.tj:'^^<^tio A s H35>i£;^5{gv^^. Asft 
20 ft:d5ffiii^tl7<i5^/l-y 5/^f^/^'9^<. 5 5 O^^TcO 

Nj[i3|sf?ss^^< A s uMm^mhi^x^m.^^ 

-t^t^ ii^V^NiS^fti^ I nG a N,A si-,g;a5#^tvS 

mM^h^^K AsH^^f^^mhi.'r^^^t^m^^ 

i:;e>5t?;^i^ofco A s H^^^EE^ 2 P a 
4^±, 5 OX:U±t't^^tX\ Ph^m 

fCo Nffij^2%TSi. I nm^S;6%^CO I nGa A s 
^Ga A s^^dt&T-S-g^-e^. rc?5Nm^2%(i. ?S 
30 S 9 8 0 n m@S<^H* Iz—t^^a^ffl^^* l-'—^^m 

1 0 p a^_br*fe-5 6 0 ox:^±t\^^oii:m^m& 

^S:xh^m.^:^^4<vo^±<Dm^7^)^m^^mxhy) ^ p 

L^S^?5:^^#V^^i^^'pac^ I nGaN.A sw®;dS#e>tv 
%S*cO InGaAs^GaAs m^l^^^M^X^, 

±\^mmm\^mt>fi^ i . 3 ^ m j: »9 h^^^(Oi^mi^ 

[0 0 3 0] Cu-Kal|(JSS : Ka 1 =0. 

40 15405nm, Ka2 = 0. 1 5 4 4 4 n m) ^fflV^ 
/cX||[HltFf?fe(0 -2 0S[|^)t-i:oT. Niafig;4. 6% 

ncosG ao.92NA sg^55^Wb/c^*^ 
igetd^-To I nG a NA s^CD^ii:j*0. 5 

jwm-Cfeoyho f^eid^t*. I no-oaG ao.92NA s@ 
ti. G a A s cfc »9 < /^oTV^^r 

-^-i^fp^;lc^:'5>^^;^^^?/^^"?^— vt^M.'btb'r. GaA 

[0 0 3 1 ] :i<DXoi^^(omP^t\.xi^mx^m\^^ 
50 t-v^^^«;^^^{k'g^^j[^^|£^^fflv^. i^vnasHs 
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S'^N^ v"i^SS^S>^^7r^PX c§ AsK 
,^m^ 1 0 P a ;e(>o. ^MU&i: 6 0 0X:^± 
t-r^t. Nm)5!c4%i^Jl±cD I nG a NA s ^ii^ftKtc: 

[0 0 3 2] f^io^ I n G a N A s gt^G a A s S^t^l 

^oV^r^iN^ VSl^B^B^*^^^ br I n G a N A s (Om 
'&{^oV^rIft?gbfc;^)^ Mag:fe-gfe(^Pb-CtiGa NA 
s, AlNAs, InAlNAs, AlGaNAs, I 
nAlGaNAs, InGaNAs P^<Dm<OU^m\^^ 

c 0 0 3 3 3 mmm 2 

m? ^^m-t^t^ rCD5l7tm-T-f^. nMGaAs 
m^4 1±\Z.^ nMA 1 0.4G ao.eA s ^ 4 
2, I nG a NA s^ttS4 3, p MA 1 0.4G a o-eA 
s^y^/Kg4 4, pMG a A s :3 hg4 5 

m4 5±\a^pmmm4 e^m^i.. ^ti^ nMGaA 

[0 0 3 4] ^rr\ I nGa NA s^tt^OO^S^W^ 

fiUJSM 1 {c:^ b/c^^^^fflv^. G a A s 

^ffi^tcSOpLTV^So ^^^3. InGaNAsgfiGa 

Asmm\^^^\m^m^i^x\^^f^<thBi<. 
^x\^^xhm^mmi^^<Dm^xhn\tS:\^\ ^tz.. a 
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A s ^£:;^V^7t;a5. ft&Om^C>A 1 Ga A sr*tav\ ^ 
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2CDnM^*fE^^t-fi. Se^^fflV\ pM InGaNA 
sg7 3(DpM^Mi^{-J^, Zn^^fflV^^^^;dSr*# 
/do ^^-T?, S e(7)J[^^£l-<Jr bTtiH^S e (irl/VftTK 
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j^^iUrt^Se, Zn<^ftfei;iSn, C, Si, Mg^ 

f->r h{;iA'9ffi«LTb* J^-^^d^fe^^S. Se, Zn 
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m2] I nGaNA s^COS IMS5>*f*S*^^t-|^ 
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